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The Manufacture of Humus.
By H. M. L.

It has been the lot of the present writer during the last few years, and
with greater emphasis, perhaps, during the last few months, to draw satfention
to the importance of humus in the agricultural eyele, If, in sodoing, he may
appear to have strayed from the relstively restricted field of sugarcane cultiva-
ion into the wider field of genaz;ﬁ .Ehrmultum. apology for such errantry will
bordly be needed. The reasons are two :in the first place, the" problem of ‘the
maintenance of soil fectility here involved is itself a general one, common to all
crops;in the second, the tendency. if there be such in the sugar industry, is
away [rom the humus and in the direction of a growing use of ertificials. - It has
been necessary, therefore. to derive examples mainly from ‘the experience
obtained in the cultivation of other crops.

In these references there has. perbaps, been too great an n:centanne of the
fact of the existence of a substance termed bumus and toa little attention paid
to what humus is and how it is prepared. That omission it is here proposed to
remedy iu as far as so complex a subject can be dealt with adeguate brevity.

Humus, then, is not a chemical entity eapable of being described nnd defined
in a chemical formula showing so many atoms of the different elements within g
characteristic molecule. It is an sggregate of different chemical compounds
varyiong widely from sample to sample, but an aggregate of whizh all the samples
having these points in comnon ; a common mode of origin and certsin common
physical and chemical properties. The residues of liviog organisms, in the
process of decomposition, piss through o series of natural changes which result,
in the production of a relatively stable body, and it is to this body that the term
humus is applied. A halt.is thus called in the passage of these residues from the
highly complex organic substances of the body immediotely after death to the
simple inorganic substances, water, carbon dioxide, mtmgeu and nitrogenous
salts and so on, which form the ultimate products of decomposition. It is this
natural halt which plays such e vital role in the maintenance of fertility. The
more important properties characteristic of this relatively stable product are,
on the chemical side, and acidity which cause it to resct with the mineral ele-
ments of the soil and which is responsible for the liberation of potential plunt
food, and a carbon nitrogen vatio of approximately 1d:1. On the physical side,
humus hus a high retentive capacity for moisture, scts as a cement causing the
smuller spil particles to form aggregates and thus aids-the movement of both
water dod air in the soil. VFut it is on the biological side that its properties may
be found to have the most important effect through the mycorrhizal nssociation
which has only recently been recognized us of general occurence.

From the above description of the nature of humus it follows that, since all
living organisms ultimately die, the source of bumus is as varied ss organic
nature itsell, Herein lies the first difficulty in offering a convise series of
instructions on the lines of Mrs. Beeton for the prepiration of humus : the raw
material ranges from the highly nitrogenous residues of the animal carcase to
plant residues consisting of almost pure carbohydrate, cellulose nad lignin. A
second difficulty lies in the [act the conversion to humus is a biologieal reaction,
the work fungi and bacteria. These, being themselves organisms, require for
their vigorous growth and ection that, the conditions shall lie within certain
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broad limits particolarly in regard to humidity, temperature, air supply and aci-
dity of matrix. Further the process of preparation consists of o series of
steppings-down, from one stage in the descending scale of orgonic complexity to
a still lower stnge, and each step is broadly speaking the work of some specific
organism each with its own specific optimum environment to a greater or less,
and in some cases greater than less extent differing from (he optimum of the
remaining organisms. In this respect the art of preparation consists very
lavgely in bringing the natural environmental conditions into line with the
optimum for the particular stage of the preparatory process. These difficulties
may impurt_ an ambiguity to any description of the method of manufacture
which may forther induce a condition similar to that of the centipede on
being asked by the tosd which leg moved after waich. The process is not, how- -
ever, so full of obstacles us that implies; all process involving fermentation are
*tricky” and incapable of exact definition, That has not prevented them from
being adopted on a large scale, and they form, in fact, the foundation of many
large industries, such es brewing, the preparation of cacio, and the curing of
tobacco. Here, 0s in these other cases, practice is far better than precept,

First, then as regards the raw mnaterials ; the bulk of these in an agricultural
setting consists of plant residues which for the most part are composed of carbo-
hydrates of varving resistance to the nction of the attacking organisms. These
like all other organisms, require a certain supply of the essential plant f[oods.
and in the case of the more resistont tissues there is ususlly a deficiency of
nitrogen. To make up for this deficiency some nitrogenous substance should be
added to give a earbon nitrogen rotioof epprosimately 33:1. Success will also
depend on the mechancial state of the material, Woody tissues are protected
by bark, which requires to be broken down su thet the organisms of destruction
may heve ready access. Such woody material may be broken down on the farm
roads where an adequate traffic of farm vehicles occurs.

The farm also supplies suitable nitrogenous material in the form of uorine
and the droppings of animals. The advantage of the use of these rests not only
in their availability on most farms but on the fact that such natural preducts
are found to contain a not readily definable something which gives to them a
superiority over nitrogenous materiels of inorganic origin. Itis a something
which acts spparently through the mycorrhizal association above referred to,
for, apart from the obvious incressed vigour and freedom from disease which
characierizes plants grown on a natural humus, a study of the root system shows
a strong development of mycorrhiza, Humus, it is true, whatever its origin,
possesces @ certain value as 2 supplier of plant [ood caleulable in terms of N, P
and K but the value derived from this at present illdefined something trans-
cends these more readily determined values. Chemical analysis, in fact fails as
g vard measure of this Jatter value, and netual use may not improbably reverse
the verdict of the Inboratory, Until the nature ol these clusive constitients of
the animal residues is better understood, such residues will form a necessary raw
material of an efective and sound system of agriculture. .

With these two raw materials nvailable it is now necessary to consider the
conditions required if fermentation of the combined mass is to proceed along
the lines which will vield the maximum of the desired product. As the fermen-
tation proceeds, the mixture soon becomes acid, a condition inimical to the
getion of the micro-organisms it is desired to render most active. This acidity
must be neutralized. Wood ashes, in that they sopply edditional potassium ore
very suitable for this purpose; but if these are not available ecalcium in the
form of powdered chalk or limestone (but not quick-lime, which is too fierce)
serves the purpose well and these bodies may be diluted with earth,
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With these three materials to build up the matrix all the essentiald for “the
preparation of humus are present. It now remains so to ‘handle the mixture
that the fermentative process proceeds nlong the lines which will result in the
maximuom yield of high quality product. TFor (his purpose not only must the
three constituents be sufficiently mixed for a uniform growth of the ﬂl‘ﬂﬂhiEME
concerned, but the environment must be adopted to suit their particular needs. Ol
the major factors of the environment, temperature may be' omitted from consi-
deration. As is well known a very considerable heat is developed in. the course
of the fermentative activity and this can be left to Took after itself. What has
to be regulated is the supply of air and moisture. The latter is required -during
the whole of the period of production : and abundant supply of air (the natural
source of oxygen) is required only during the early stages., The resson-for this
is that the organisms responsible for these early stages, the decomposition of
the more resistant earbohydrates, cellulose and lignin, are aerobic {operate only
in the presence of ample supplies of oxygen), It isin these early stages that
control is most difficult for a balance has to be struck 'hefween the amount of
water and air occupying the interstitinl spaces of the mass, The ideal that
should be aimed at is o condition similar to that of a pressed-out sponge. In
practice the tendency is in the direction of an excessive amount of water.

The need for an adequate air supply ronises another point. The action of
the organisms results in an absorption of the oxygen and the evolution of cerbon
dioxide. Unless, therefore, matters nre so arranged that o sufficiently rapid
interchange of gases can take place with more oxygen replacing the carbon
dioxide as fast as this is formed the activity of the organisms will be slowed
down. In practice it is found that adequate percolation of air into such a matrix
as has been indicated proceeds only to a depth of some 18 to 24 inches.

One further point must be attended to. Tn whatever form of heap the matrix
may be built, uniform conditions cannot be maintained throughout; the outer
layers being more exposed to the air, will be subjected to more variable con-
ditions of humidity, air supply and temperature. This has to be adjusted by
intermittent turning of the heap so that the exposed material becomes buried.

The preliminary fermentation is primarily the decomposition of the non-
nitrogenons carbohydrate residues and is mainly the function of aerobic fungi,
for the activity of which the deficiency of nitrogen is made good by the addition
of the nitrogenous substances, The decomposition of nirogenous residues is
the work of anaerobic bacteria for which special measures for the neration of
the mass are not necessary,

These are the main principles underlying the successful production of
compost; they must guide the practical steps, and the Indore process, now so
widely adopted, is based on them and takes into considerntion also the economic
considerations. which are of almost equal importance. In this the heap is
conveniently 30 ft. long by 14 ft. wide, with the material piled to a depth of 3 ft.
The pit is divided into six sections of which the second from one end is first
charged, the end section being reserved for turning, The vegetable wastes are
Inid across the section to a depth of 6 in. and on this a layer of 2 in. of animal
wastes, on which is sprinkled a mixture of urine-earth and wood ashes as a thin
layer. The process is repeated till the maximum depth is reached. If the depth
is greater than Z ft. and it may be as great as 5 ft. vents must be made (con-
veniently done by working a crow-bar), say three to a section, The third and
subsequent sections are then built in like manner. The amount of water to be
sprinkled on each luyer is at once the most important and difficult of the
operations concerned as it will depend on the nature of ths material; ex-
perience is here the best guide Later regulation of the water supply, depending
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ns.it does on the climatic conditions, is alsoa matter best learned [rom ex-
perience. A decision is here required whether the material should be heaped or
pitted and after construction, whether additional watering should be given. 1f
correctly charged the heap will show sctive fungus growth in three days, aod
in a few days the depth will decrease from 5 ft to 3 ft, :

A Birst turn should be made nfter two to three weeks, and again, after some
five weeks, in the reverse direction when the aerobic stage will be approximately
complete. Opportunity can be taken at each of these to regulate the humidity
of the heap. A guide to the efficiency of the process is given by the temperature,
which should quickly reach approximately 150°F. and fall to some 85°F. after 90
duys, with intermediate rises after the turn.

The first stage, which continues up to and shortly succeeding the second
turn, is the preliminary aerobic stage, and it is followed by tLe nnaerobic stage
in which the active organisms are bacteria, It is during this stage that fxation
of atmospheric nitrogen takes place, and the gain of nitrogen may be consider-
able, for if the process is efficiently conducted there is little loss of original
nitrogen in the heap that is absorbed into the body of the agents of decompo-
sition. :

After some 90 days the process slows down and the relatively stable condi-
tion of the material, to which the name humus is applied, is reached., Tt is now
ready for the land. But complete stability is never reached. Oxidation con-
tinues, nitrification will set in, and the nitrates formed may be lost by leaching,
or if carelessly stored, de-nitrification may lead to the loss of the nitrogen which
§0 many pains have been taken to secure, ITmmediate application to the land is
the best safeguard against such losses; if this be impossible, it should be kept

under cover and turned from time to time. It is an asset which it will pay to
conserve.

It is a corious fact that while some of the tropical agricultural judustries
notably tea and sisal, are increasingly turniog their attention to the preparstion
and use of compost, the reverse process is taking place in the sugar industry. In
those countries the West Indies and Mauritins where n long established pros
cedure based on pen manure existed, this material is giving way to the employ-
ment of artificials. The explanation lies largely in the ecomomic sphere; the
development of the tractor has rendered the head of cattle previously kept un-
economic when considered merely as a source of power. In those nmewer areas
Cuba, Hawaii end s0 on, a virgin fertility has been fortified by artificiels from the
commencement, It may well be asked whether a stable industry based on what
is, in practice a mono-culture, can be possible in the case of sugarcane nlone
among crops, if the precepts of nature are so lightly regurded.

The main factors which militate against o return to organic manures are the
intractability of the major residues of the crop, cane trash and bagasse, parti-
cularly the former since a large proportion of the latter is consumed as fuel, and
the supposedly inadequate supply of nitrogenous wastes consequent on the
reduction of the stock carried. The problem of how these wastes can Le
economically converted into compost has yet to he seriously tackled. The
general lines are clear, [t s a general experience that mixed vegetable residues
ore more readily decomposed than a uniform residue such as trash and it may be
found economiec to grow a green crop for the purpose of admixture. The other
factory wastes, filter press cakes and molasses, with distillery wastes will also
help in this direction as well ns in supplying a mass of readily decomposable
material, The nitrogenous activator if an adequate supply cannot be secured
from the stock kept might well be looked for in any suitably installed sanitary



116 The Madras Agricullural Journal Vel suxix;Noi3

system for the labovur lines which are psunlly a [eature of sug‘:q' Eﬂtﬂftﬂa -ThE-
Indore process cun be readily adapted for the handling ‘of i:-a'hitnl.iﬂrr wastes
under hygienic conditions. A preliminary attack on the problem fizs been made
in South Africa by Dvmond, who has shewn that trash reguires to be weuthureﬂ
o little before composting, and by Tambe nnd Wad in India,

{Tha Insternational Sugor Journal 42 ( 1‘3‘dﬂ} 341-313)

ABSTRACT

Composts and Seil Fertility C, N, Acharya, Indion Farming: 1.(1940; 66-68). 'T.]:IB
importance of maintaining a satisfactory level of organic malter in’ the soil-
is now generally accepted by scientists ond farmers alilke. The mainten-
ance of a high level of organic matter is for more difficult in the soil of the tro-
pical and sub-tropical regions than in that of the temperate zones.  Hence, if
the fertility of the tropical or sub-tropical soil is to be maintained, the appli-
cation of bulky organic manures almost every year becomes guite necessary.
Farm yard munure, one of the most important organic manures, is of course in
largest vse in this country. While the average supply ol fiarm yard manure is
about a ton per acre, the average demand is about 5 to 10 tons per acre of land
under cultivation. To make up the above deficiency, composts come in qmte
handy us a suitoble and efficient substitute. The Chinese have been adepts in
the method of composting since very ancient times. There is need to copy the
Chinese example, and to utilize all our resources, il the productivity of our
land is to be maintained, if not improved, in view of the ever-increasing popu-
lation in our country. A great many methods have been recently suggested for
com puatlng waste organic materials, The ‘Adco’ process developed nt Rothamsted,
the Indore process developed by Howard nnd Wud and its subsequent modifi-
cations, the Madras method worked out ot Coimbatore, the Activated Compost
process evolved by Dr. G, I. Fowler, the Hot Fermentation process worked out
at the Indian Institute of Science, Bangalorve, nre some of the most important.
The essentinl fentures more-or less common to all the ahove are the following :—

(1} The basic material for composting is the bulky organic ‘refuse, e. g, leaves,
weeds, stubbles, stalks, husks, ete. (2} A suitable starter is added—organic nitro-
genoos substances, such as night-soil, urine, sewnge, activated sludge. or inorgan-
ic nitrogenous compounds soch as Adeo, ammonium sulphate, sodiom nitrate,
calcium cyanamide, ete, which serve to promote the rapid development of the
necessary micro-organisms, which effect the decomposition. “The amount of the
starter required for decomposition depends on the amount of nitrogen initially
present in the refuse, The addition of phosphorus compounds to the " starter "
in the form of rock phosphate, basic slag, bone menl or super phosphate, help to
improve the quality of the manure though it does not ordinarily incresss the
rate of decomposition. Another function of the " starter ™ is to nct as an inocn-
lant carrying o vigorous micro-flora for decomposition. The addition of an
inoculum, such as actively fermenting compost (used by Dr. Fowler in his Acti-
vated Compost method) dung, night soil or sewsage, shortens the time of com-
posting. (3) The maintenance of an optimum moisture level in the compost
heap—usually 507 of the wet heap—with the reaction at the natursl or slightly
alkuline range js insisted on. In the Hot Fermentntion method the lozs of
moisture by evaporation is prevented by covering the heap with earth snd mud
paste  (4) A proper physical condition or budy in the compost heap is necessary
to start with. Woody materials such as cotton stalks may be broken down under
the feet of cattle or under the wheels of carts {::} The rise of temper: 1ture in
the compost heap destroys weed seeds, fly nnggnts worms nnd pnthugcm: orga-
nisms. The points of difference between the various methods of composting at
present in vse ore'the following:— (1) The majority of methods are " n.embm "



